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Abstract 

In this paper the possibility of the generation of the thermal waves 
in 2D electron gas is investigated. In the frame of the quantum heat 
transport theory the 2D quantum hyperbolic heat transfer equation 
is formulated and numerically solved. The obtained solutions are the 
thermal waves in electron 2D gases. As an example the thermal waves 
in quantum corrals are described. 
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1 Introduction 



Recently has been a great interest in both ultrafast (femtosecond and at- 
tosecond) laser-induced kinetics and in nanoscale properties of matter. Par- 
ticular attention has been attracted by phenomena that are simultaneously 
nanoscale and ultrafast PP-[0]- Fundamentally nanosize eliminates effects of 
electromagnetic retardation and thus facilitates coherent ultrafast kinetics. 
On the applied side, nanoscale design of optoelectronic devices is justified 
if their operating times are ultrashort to allow for ultrafast computing and 
transmission of information. 

One of the key problems of ultrafast /nanoscale physics is ultrafast exci- 
tation of nanosystem where the transferred energy localizes at a given site. 
Because the electromagnetic wavelength is on a much larger microscale it is 
impossible to employ light-wave focusing for that purpose. In paper the 
method to use phase modulation of an exciting femtosecond pulse is pro- 
posed. This method of localization exist due to the fact that polar excitation 
(surface plasmous) in inhomogeneous nanosystems tend to be localized with 
their oscillation frequency (and, consequently, phase) correlated with posi- 
tion HUES- 

The coherently controlled ultrafast energy localization in nanosystems 
introduced in paper ^U|, can have applications in different fields that require 
directed nanosize-selective excitation. 

In recent years the advances in scanning tunnelling microscopy (STM) 
made possible the manipulation of single atoms on top of a surface and the 
construction of quantum-nanometre scale structures of arbitrary shapes ^3] • 
In particular, quantum corrals have been assembled by depositing a close 
line of atoms or molecules on Cu or noble metal surface ^l]-^7j. These 
surface have the property that for small wave vectors parallel to the surface 
a parabolic band of two-dimensional (2D) surface states uncoupled to bulk 
states exists [TH] . In quantum corrals the STM tip can existed standing wave 
pattern of the one electron de Broglie waves. 

In this paper we describe the thermal excitation of the de Broglie electron 
waves with attosecond laser pulses. With coherent control of the ultrashort 
laser pulses it is possible to concentrate the laser energy on the nanometer 
scale [TU] . Following the results of paper jTH] we will describe the temperature 
of the electron 2D gas with the help of the quantum hyperbolic heat transfer 
equation. 
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2 The model 



In the following we consider the 2D heat transfer phenomena described by 
the equation [TT?] : 

1 d 2 T 1 dT 2Vm m _ m 



^ 2 at 2 DM n 2 

where T is temperature of the 2D electron gas 

T = T(x,y,t), (2) 

D is the thermal diffusion coefficient, V is the nonthermal potential and m 
is the mass of the heat carriers-electrons. 
We seek solution of Eq. (0) in the form 

T(x,y,t) = e~^u(x,y,t). (3) 

After substitution of Eq. (jSJ) to Eq. (JTJ) one obtains 

1 8 2 u 
v 2 dt 2 

where 



V 2 u + qu = 0, (4) 

<5) 



2Vm 



for D = —. 

m 

We can define the distortionless thermal wave as the wave which preserves 
the shape in the field of the potential V. The condition for conserving the 
shape can be formulated as 

2Vm /mv\ 2 



q= — -u.)=°- (6) 



When Eq. © holds Eq. (jlj) has the form 



1 d 2 u 
v 2 dt 2 

and condition (EI) can be written as 



V 2 u = (7) 



Vt - h, (8) 
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where r is the relaxation time 

h 



mv 2 



(9) 



We conclude that in the presence of the potential energy V one can ob- 
serve the undisturbed thermal wave only when the Heisenberg uncertainty 
relaxation (jHJ) is fulfilled. 

In the subsequent we will consider the thermal relaxation of the 2D elec- 
tron gas contained in 2D circular quantum corral with the radius r. In that 
case in polar coordinates equation (JJJ has the form 

1 d ( du\ 1 d 2 u 1 d 2 u 
r dr \ dr ) r 2 d6 2 v 2 dt 2 ' 

where < r < a, —ir < 9 < n with boundary condition 

u(r, 9, 0) = f(r, 9), < r < a, -tt < 9 < tt, 
du 

— (r,9,0) = g(r,9), < r < a, -n < 9 < n. (11) 

Using separation of variables u(r, t) = R(r)T(t) yields the solution 
u(r,9,t) = ^2a on J (X on r) cos(\ on vt) 

n 

+ a mnJm{X mn r) cos(m9) cos(A mn ct) 
+ b mn J m (X mn r) sin(m0) cos(A mn ct) 
+ Y A on J (\ on r) sin(A on ct) 

n 

+ Y AmnJmi^mnr) cos(m9) sin(A m „ct) 

m,n 

+ Y B mn J m (\ mn r) sxn(m9) sin(A m „ct), (12) 

where J m represents the m-th Bessel function of the first kind, X mn represents 
the n-th zero of J m , and the coefficients a on , a mn , b mn , A on , A mn and B mn can 
be find out in |2Hj . 

In the subsequent we present the numerical solution of the Eq. for 
the thermal wave with velocity v = 5 10~ 3 c, c = light velocity. Considering 
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formula (JUJ) for relaxation time we obtain 



n 



(13) 



T = 



mv 2 



160 as 



for m = m e (= 0.51 MeV) i.e. for electrons and for mean free path of the 
electrons in the 2D electron gas: 



From formula (JT%j) we conclude that \ m fp is of the order of the de Broglie'a 
wave length of the electron. It means that for 2D electron gas in quantum 
stadium the hyperbolic quantum thermal equation can be applied |2Tj . 

In Fig. 1 we present the shape of the laser pulse for circular quantum 
stadium with r = 1 nm and in Figs. 2, 3, 4 the numerical solution of the 
Eq. ()10|) for the boundary conditions (jllj) with r = 5, 10, 70 nm respectively. 
As can be easily seen in quantum stadium (corrals) the thermal wave is 
propagated. 

3 Conclusions 

In this paper in the frame of the quantum hyperbolic heat transfer equation 
the study of the thermal transport in quantum stadium is investigated. It 
is shown that at the limit of quantum heat transport i.e. when the mean 
free path of the electrons is equal to its de Broglie'a wavelength in quantum 
corrals the thermal waves can be generated. As the result one can argue that 
the observed electron standing waves in quantum corrals are the precursors 
of the standing quantum thermal waves with the same shape and structures. 



X m fp — vt ~ 0.1 nm. 



(14) 
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Fig. 1, LASER PULSE 




Figure 1: The laser pulse 
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Figure 2: Thermal wave in circular stadium with r = 5 nm 
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